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ABLATION  SHIELD  DBVgLOBMFT  TBOTOO  -  AMKSIYE 
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ABSTRACT 


Reduction  in  weight  of  component  parts  of  space  vehicles  is  desir¬ 
able  in  order  that  a  larger  proportion  of  the  "payload"  might  be  devoted  to 
scientific  and  life -sustaining  equipment  to  extend  the  mission  capabilities 
of  space  vehicles.  Thus,  a  four  phase  development  program  vas  Initiated  to 
determine  the  best  materials  and  fabrication  techniques  for  fabrication  of 
a  light  weight  ablation  shield.  The  proposed  design  is  the  result  of  studies 
conducted  in  an  effort  to  reduce  the  weight  of  advanced  space  vehicles.  It 
vas  the  purpose  uf  this  phase  of  the  development  program  to  evaluate  various 
adhesives  and  adhesive  curing  cycles  for  adhesive  bonding  of  beryllium. 

Surfaces  of  beryllium  finger  panels  were  processed  for  adhesive 
bonding  by  the  optimum  surface  preparation  method  established  by  a  previous 
test  of  this  development  program.  Various  film  adhesives  end  bonding  methods 
for  each  adhesive  were  then  used  in  bonding  the  beryllium  finger  panels  to¬ 
gether.  After  bond  line  curing  the  bonded  finger  panels  were  machined  into 
individual  lap  shear  tension  test  specimens .  Test  specimens  vere  subjected 
to  a  series  of  tests  for  adhesive  shear  strength  at  room  and  elevated  temper¬ 
atures. 

Although  the  lap  shear  strength  of  film  adhesive  manufactur¬ 

ed  by  the  Blooalngdale  Rubber  Company  was  lover  than  other  adhesives  tested 
at  room  temperature  and  500F  its  greater  strength  at  650F  and  800F  makes  it 
the  most  desireable. adhesive  f->»  use  in  vjDding  applications  involving 
beryllium  and  high  temperature  «.v>or  xsnts. 
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1.  OBJECT 

The  object  of  thi»  pha»e  of  the  space  vehicle  ablation  shield  develop¬ 
ment  program  was  to  evaluate  three  types  of  adhesive  for  use  In  adhesive  bend¬ 
ing  of  beryllium.  Two  different  curing  method*  for  each  adhesive  were  also 
to  be  evaluated.  Hie  hast  adhesive  and  adhesive  curing  method,  as  deter- 
nlned  by  test  results,  will  then  be  used  in  succeeding  phases  of  the  ablation 
shield  development  program. 


2.  CASS  HISTORT 

Additional  scientific  and  life  sustaining  equipment  for  extended 
■1 salon  capabilities  of  advanced  space  vehicle  designs  has  resulted  in  an 
Increase  in  veight  of  the  space  vehicle.  A  means  of  compensating  for  a  portion 
,  of  this  additional  weight  is  a  proposed  lightweight  re-entry  shield  consisting 
of  an  optimum  ablotlve  material  suitably  bonded  to  a  beryllium  back-up  atruct- 
I  ure.  A  four  phase  development/evaluation  program  to  establish  design  and  fab¬ 
rication  criteria  for  such  a  shield  was  initiated.  Bie  initial  phase  of  the 
development/ evaluation  program  ('HI  052-051.03.01)  established  an  optimum 
j  surface  preparation  method  for  adhesive  bonding  of  beryllium.  It  was  the 
purpose  of  this  phase  of  the  development/evaluation  program  to  determine  the 
j  b#st  adhesive  and  adhesive  curing  cycle  for  adhesive  bonding  of  beryllium. 

|  Testing  was  conducted  by  the  Systems  Laboratory  during  the  period 

5  February  1962  through  3  March  1962. 


j  3.  SPECIMEN  PREPARATION 

Sixty  beryllium  finger  ponelB  were  machined  per  dimensions  as  shown 
j  in  Figure  1,  page  6  ,  from  5HV-200-A  press  sintered  block  beryllium.  All 
machining  wbb  performed  by  the  Brush  Beryllium  Company,  prior  to  shipment  of 
the  finger  panels  to  McDonnell.  Machined  beryllium  panels,  rather  than  roll¬ 
ed  beryllium  sheet  stock  panels  were  used  in  order  to  closely  simulate  cond- 
i  itions  which  would  be  encountered  In  actual  fabrication.  Finger  panel*.  were 
divided  into  six  groups,  each  group  containing  ten  panels. 

1 

The  beryllium  finger  panels  vere  processed  for  adhesive  bonding, 
using  the  optimum  surface  preparation  method  established  by  TR  052-051.03.01. 
See  Bonding  Method  "0M,  Step  1  in  Table  1,  page  12 ,  for  a  brief  outline  of 
this  surface  preparation  process.  Upon  completion  of  the  surface  preparation 
processes  the  finger  panels  were  placed  between  clean,  lint-free  cheesecloth 
end  wrapped  la  wax-free  kraft  paper.  Banding  operations  were  performed  with¬ 
in  twenty-four  hours  after  completion  of  the  surface  preparation  processes. 
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4.  SPECD05H  BOHDXHO 

The  three  adhesives  sad  the  tvo  curing  cycles  for  each  adhesive 
which  were  evaluated  by  this  test  program  are  outlined  in  Table  1,  pege  12  . 

Each  individual  adhesive  and  its  respective  curing  cycle  was  assigned,  a  code 
letter  ("0*  through  "M*  (omitting  *1")  as  shown  in  Table  1  for  purposes  of 
specimen  identification  after  bonding  operations. 

The  adhesives  which  were  evaluated  and  their  respective  manufacturer's 

are: 


(a)  ffT-424  Film  Adhesive, .015  thick,  0.13-0.14  lbs/ft2, 

Hocmlagdale  Rubber  Company,  Aberdeen,  Maryland 

(b)  AT- 107  film  adhesive, .015  thick  and  EC-1639  primer 
solids,  Minnesota  Mining  and  Manufacturing  Company, 

6411  Randolph,  Los  Angeles,  California. 

I  (c)  Aerobond  430,  .015  thic^  Adhesive  Engineering  Company, 

1411  Industrial  Road,  San  Carlos,  California. 

!  HT-424  adhesive  was  stored  at  0*F  or  lees  and  the  remaining  two 

I  types  of  adhesives  were  stored  at  35*-4o*F.  At  the  time  of  usage,  the 
I  three  types  of  adhesives  were  not  more  than  thirty  days  old. 

An  amount  of  adhesive  sufficient  for  bonding  a  sot  of  finger  panels 
and  corresponding  to  the  type  required  by  the  bonding  method  being  evaluated 
was  removed  from  the  refrigerated  roll  approximately  two  hours  prior  to  in¬ 
stallation  in  the  bond  line  to  allow  the  adhesive  to  return  to  ambient  temper¬ 
ature. 


Bonding  fixtures  of  the  type  as  shown  in  Figures  2,  3,  4,  and  5  on 
pages  7  ,  and  8  ,  were  used  in  bonding  the  beryllium  finger  panels  together. 
Prior  to  the  bonding  operations  a  set  of  springs  for  each  bonding  fixture 
vas  calibrated  so  that  at  a  given  upring  compression  deflection  a  pressure 
of  30  pel  would  be  applied  to  the  bond  lice  area. 

One  finger  panel  was  mounted  in  each  of  five  bonding  fixtures  and 
secured  in  place  as  shown  in  Figure  2,  page  T  .  A  strip  of  the  film  adhesive 
being  evaluated  vas  placed  over  the  finger  panel  ,.s  shown  in  Figure  3,  page  7 
The  remaining  five  panels  were  mounted  in  the  bonding  fixtures  and  secured 
in  place  as  shown  in  Figure  4,  page  0  .  a  strip  of  rubber  was  pieced  -'ver 
.  the  bond  line  area  to  provide  for  a  constant  even  pressure  over  the  bond  line. 

The  clamping  block,  springe  and  flanged  nuts  were  then  installed  as  shown 
l  in  Figure  5>  page  8  .  A  thermocouple  for  monitoring  bond  line  temperature 
1  was  installed  between  the  upper  beryllium  panels  and  the  rubber  strip.  E:e 
1  springs  were  then  compressed  until  a  previously  calibrated  sprite  de/  lection 
I  which  produced  9.  30  psl  bond  line  pressure  vas  attiirAd. 
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4.  SPECDffit  BCXDEW  (coat’d. ) 

The  Til*  adhesive  being  evaluated  vas  cured  per  one  of  the  recpective 
curing  methods,  as  outlined  In  Tabic-  1,  page  12.  After  completion  of  the  bond 
line  cure  cycle  the  bonding  fixtures  vere  removed  froa  the  oren  and  alloved 
to  cool  to  150F  before  releaelng  the  eprlng  pressure.  Bond  line  temperature 
of  the  five  fixtures  vas  monitored  by  the  thermocouple  setup  as  shown  In  Fig¬ 
ure  6,  page  9  . 


'  After  cooling,  each  Individual  finger  of  the  bonded  panels  was 

(  marked  vlth  the  code  letter  assigned  to  the  bonding  method  which  was  being 
evaluated.  A  number  (1  through  20)  was  tfceo  assigned  to  each  individual 
finger  of  the  bonded  panels.  After  identification  of  the  individual  fingers 
was  completed,  the  bonded  finger  panels  were  sent  to  the  beryllium  machining 
!  facility  and  machined  Into  Individual  lap  shear  tension 

1  test  specimens  as  shown  in  Figure  7,  page  9  . 

I  5.  TEST  SETUP 

l 

Setups  for  testing  the  bond  line  strength  in  lap  shear  at  room  and 
1  elevated  temperatures  were  mounted  In  the  5,000  pound  Baldwin  tensile  test 

1  machine.  Standard  gripe,  as  shown  In  figure  8,  page  10,  were  the  only  items 

required  for  room  temperature  testing.  For  high  temperature  testing  the  llnk- 
j  age  as  shown  in  Figure  8  vas  used  to  prevent  the  grips  from  being  In  the  heat¬ 
ed  area.  Radiant  heat  lamps  mounted  as  shown  in  Figure  8  were  positioned 
vertically  so  that  the  heat  concentration  would  be  centered  on  the  test  eren. 
Power  source  for  and  control  of  the  radiant  heat  lamps  was  provided  by  a 
[  Research  Incorporated,  Model  6233  Ignitron.  A  Leeds  and  Horthrup  Indicating 
!  pyrometer  for  monitoring  the  outer  surface  temperature  of  the  test  specimen 
was  Included  in  the  test  setup.  Test  specimen  outer  surface  temperature, 
rather  than  actual  bond  line  temperature  was  monitored  to  allow  for  a  simpler 
and  faster  temperature  monitoring  Betup,  A  comparative  test  between  the  bond 
line  temperature  and  the  outer  surface  temperature  was  conducted  and  indicat¬ 
ed  no  aignl '’leant  temperature  difference. 


5.  TEST  PROCEDURES 

Lap  shear  tension  testing  was  conducted  at  room  temperature  and  at 
elevated  temperatures  of  500F,  650F,  and  800F.  A  total  of  five  specimens 
ware  tested  at  each  of  the  four  required  test  temperatures. 

Loading  rate  for  all  test  temperatures  was  600-700  lbe/mln.  Heat¬ 
ing  rate  for  the  elevated  temperature  tests  vas  lOOF/sdn.  Followed  by  a  ten 
minute  soak  at.  the  specified  temperature. 
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j  6.  TEST  reOCEDORES  (cont'a) 

Bond  line  thicknesses  of  all  specimens  were  measured  prior  to  testing 
and  are  recorded  in  Tables  2  through  7,  pages  ij through  18,  respectively. 

Bond  line  areas  for  the  various  specimens  are  also  recorded  in  the  previously 
!  mentioned  tables. 


7.  test  results 

Bond  line  lap  shear  tension  test  results  for  the  various  groups 
of  test  specimens  are  presented  in  Tables  2  through  7  on  pages  13 ,  through 
18,  respectively.  Failing  loads  in  pounds,  falling  stress  in  psl,  falling 
stress  levels  in  psi  and  the  nature  of  failure  are  Included  in  these  tables. 
A  graph  comparing  the  strength  versus  temperature  curve «  of  the  six  bonding 
methods  evaluated  by  this  test  program  is  shown  in  Figure  9,  page  11 . 


8.  CONCLUSIONS 

The  test  film  adhesive  and  adhesive  curing  method,  to  he  used 
in  bonding  applications  involving  beryllium  and  high  temperatures  (650F  - 
800F),  is  HT-424  film  adhesive  and  bonding  method  "O!’,  respectively,  This 
selection  is  based  on  the  comparative  lap  ahear  strengths  obtained  at  the 
toot  levels  previously  mentioned.  Although  the  strength  of  HT-424  at  room 
temperature  and  5 OOF  is  lover  than  other  adhesives  tested  its  greater  strength 
at  650F  and  800F  temperatures  was  the  predominant  feature  which  vas  ccntidc  •  • 
ed  in  the  final  analysis.  Bonding  method  "0"  rather  than  "H"  was  selected 
on  the  basis  of  its  simpler  curing  procedure. 

LIST  OF  EQUIPMENT  AND  INSTRUMENTS 


Equipment  and  instruments  used  in  this  test  are  listed  below.  Applic¬ 
able  calibration  records  are  available  tor  inspection. 


Item 

Manufacturer  and  Model  Number 

Serial  or  Laboratory  Hurbe 

Oren 

Grieve-Hendry  Co.  Inc. 

Model  HX50C 

MAC  40255-51 

Indicating 

Pyrometer 

Leeds  and  Northrup 

MAC  3709’ 

5,000  LB 
Tensile  Test 
Machine 

Ba  Id  vl  n- Ta  te  -  Ehse  ry 

Model  F.T.E.  27 

U33  800879 

Ignltron 

^search  Inc. 

Mcdel  6231 

MAC  535U>-1 
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Figure  Number  2, 

BOND  FIXTURE  LOADING -STEP  1 
(  PHOTO  NO.  D'VE  2.*^  5807  ) 


Figure  Number  3 

BOND  FIXTURE  LOADING  -  STEP 2. 
(PHOTO  NO-  D-tVEZ4g>805) 
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Figur e  Nunaber  4 

BOND  FIXTURE  LOADING  -STEP  3 
(  PHOTO  NO.D4EZ45806  ) 


FUDGED  NUT 


Figure  Number  b 
Bond  fixture  loading  —  step  4 

(  PHOTO  NO.  D4-E  2.45  804 ) 
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—  THERMOCOUPLE  LEADS  —  BONDING  FI XTURE  TO  SWITCHBOX 


THERMOCO  UPLE-- SWITCH 


BOX  TO  PYROMETER?' 


UORTHRUP 

IKIDICATIMG 

PYROMETER 


tviULTt  -CHANKlEi- 


SW  iTCHBOX 


-  GRIEVE-- HENDRY  CO.  INC 
MODEL  HX500  OVEN 


Figure  Number  6 

BOND  line:  TEMPERATURE  MONITORING  SETUP 


-ADHESIVE  AND  ADHESIVE  CURE  METHOD  COPE  LETTER 
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MAC  JOO*  (REV.  2«  JAN.  It) 

r  yoe.--3-— .  or_-3_  . _ 


TEST  REQUEST 


titi  r  Ablation  Shield  Dgreloggnt  Testing!  Adhesive 
Evaluation  and  Elevated  Temperature  Properties 


WORK  REQUESTED 


OBJECTIVE  («i*  iww  or  tut,  wow  «o  mta  lEWitux  , , 

MOLUOM  mxnn  wtmrr  mb  uckuouno  infouutmm}  *et,‘  .11/ 

cviv 

1,0.  PURPOSE i  The  jwrpose  of  tnis  phase  of  the 

ablation  shield  development  program  is  to 
evaluate  several  high  temperature  edhesives  and 
determine  their  ahort-tine  elevated  temperature  shear 
propertles»|!Rlv>"CT  Change  in  TV  Ro.  wwTWjfc  ntrwi*i 
Refer  MAC  Spt  81*00  -  Mark  II  Spacecraft 
2.0  MATERIALS!  lMaater  Mat  Program  A  Schedule.  Sect.  5. 


Film,  .015"  thick,  0.13-0.11*  lbe./ft 
Bloomingdale  Rubber  Co.,  Aberdeen,  Md. 

(b)  AF-107  Film,  .015"  thick,  Minnesota  Mining  and 
Manufacturing  .Co,,  61*11  Randolph,  Los  Angeles  22, 

Calf. 

(c)  EC-1639  PRIMER,  20^  solids,  Minnesota  Mining  and 
Manufacturing  Co.,  61*11  Randolph,  Los  Angelew  22,  Calf. 

(d)  AEROBOND  1*30-  ,  .015"  thick,  Adhesive  Engineer¬ 
ing  Co.,  11*11  Industrial  Road,  San  Carlos,  Calf. 

NOTES*  (a)  All  of  the  above  adhesives  shall  not  be  more 
than  30  d^s  old  at  time  of  use. 

(b)  The  Adhesives  shall  be  stored  in  their  origi¬ 
nal  shipping  container  under  the  following  condi¬ 
tions!  1.  HT-l*2l*  i  0°Fj  (2)  AF-107  and  EC-1639  • 
35J*0°Fj  (3)  AEROBOND  1*30  s  0°F 


FINGER  PANELS  FOR  SHEAR  TESTS!  The  finger  panels 
shall  be  Brush  Beryllium  Co.  QMV-200A  press  sintered 
block  Beryllium  raaohined  ( IMS-63)  to  the  dimensions 
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(Continued) 

(c)  111  bonding  shall  be  performed  within  2h  hours  after  completion  of  the 
cleaning  operation. 

TEST  CONDITIONS: 

(a)  For  each  adhesive)  lap  shear  finger  panels  shall  be  prepared  in  a  quan¬ 
tity  sufficient  to  provide  a  minimum  of  5  specimens  for  esch  test  condition* 

(b)  Test  conditions  arei  (1)  Room  temperature,  (2)  500®F  after  10 
minutes  soalc  at  5C0°F,  (3)  65>0°F  after  10  minute  soak  at  650°F  and  (ii) 

800°F  after  10  minute  soak  at  800°F.  All  the  above  temperatures  are  1  10°F. 

In  all  cases,  the  bond  line  shall  be  at  test  temperature,  as  determined  by- 
proper  instrumentation,  for  10  minutes  before  testing  starts.  load  shall  be 
applied  at  a  rate  of  1200-lliCO  psi  per  minute.  Tbe  rate  of  heating  the  specimen 
shall  belOO°F/minute. 

BONDING  PROCEDURE: 

(a)  GENERAL:  The  age  and  storage  requirements  of  Section  2,0  shall  be 
followed.  The  amount  of  adhesive  necessary  for  a  set  of  panels  shall  be  re¬ 
moved  ' rom  the  roll  and  the  roll  returned  to  refrigeration.  The  adhesive  to 
be  used  for  the  set  of  panels  shall  be  wrapped  in  cellophane  or  Mylar  and 
allowed  to  return  to  room  temperature  (approx.  2  hour*)  before  being  placed 
in  the  bond  joint.  All  cure  temperatures  are  based  on  bond  line  temperature, 
as  determined  by  proper  instrumentation.  All  panels  shall  be  cooled  to  150°F, 
or  less,  before  pressure  is  removed.  The  30  psi  cure  pressure  shall  be  on 
ihe  bond  joint  when  increase  in  temperature  is  started. 

(b)  CURING  OF  HT-i<2i»: 

METHOD  1:  Cure  at  30  psi,  raise  to  330  *  5°F  in  60  minutss  and  hold 
at  330  i  forl20  minutes. 

METHOD  2:  Cure  at  30  psi,  raise  to  330  ~  5°F  in  60  minutes  and  hold 
at  330  ♦  5°F  for  60  minutes,  then  raise  temperature  to  hOO 
Z  5°F  and  hold  for  60  minutes. 

(c)  CURING  OF  AF  107 -EC  1639: 


METHOD  1: 


Spray  cr  brush  on  EC  1639  (thinner  is  MEK)  to  a  film  thick¬ 
ness  of  0,0005.  Air  dry  for  30  minutes  followed  by  foice 
dry  of  30  minutes  at  325°  1  5°F,  Place  adhesive  in  bond 
joint.  Apply  cure  pressure  of  30  pai«  Slowly  raise  tem¬ 
perature  to  350°  1  $°T  at  rate  of  3*T/Vlnnto«  (90  wirmtoo 
alapoad  tlm).  Hold  at  350  S  5®P  for  60  minutoa. 


|  METHOD  2:  Apply  primer  as  above.  Slowly  raise  temperature  to  2ii5°  t  5°F  at 
rate  of  35F/mi nute  (55  minutes  elapsed  time);  raise  to  2?Oo  t  5°F 
*  at  rate  of  l/2°F/minute  (90  minutes  elapsed  time);  raise  to  350°F 

/T* u  ^  at  rate  of  3°F/minute  (20  minutes  elapsed  time)  and  hold  for  60 

-minutes, 

*  Afnicable  to  XBBP  waiter  final  report  la  alaaaiflad.  Oooplato 
Report  Susuary  Sheet,  MAC  1008BM,  par  fegiooeriag  Procodura  3-23. 

Route  report  and  Suanary  Sheet  per  Engineering  Procedure  3-23« 
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6.0  (Continued) 

(d)  CURING  OF  AEROBOND  430 

METHOD  1:  Using  cure  pressure  of  30  psi  raise  temperature  to  330°F  +  5°F 
in  20  minutes  and  hold  at  330°  +  5°F  for  60  minutes. 

METHOD  2:  Using  cure  pressure  of  30  psi,  raise  temperature  to  330°  +  5°F 
at  rate  of  5°F/minute  (50  minutes  elapsed  time)  and  hold  at 
330°  +  5°F  for  60  minutes. 


7.0  REPORT: 

(a)  The  report  shall  include  the  following  information: 

(1)  Failing  load, 

(2)  Failing  stress  level, 

(3)  Nature  of  failure  and, 

OO  Stress  vs.  Temp,  curves  for  each  adhesive. 

8.0  SAFETY:  All  cutting,  machining,  grit  blasting,  etc.  of  Beryllium  shall  be 
performed  under  the  cognizance  and  surveillance  of  Tom  Unck,  Safety  Dept. 


Advance  notice  must  be  given  in  order  to  have  adhesives  available. 
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TIME  REQUIRED 
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